A new candidate of cold dark matter arises by a novel elementary particle model that is adding two heavy leptons, each one sharing a double opposite electric charge and an own lepton flavor number: the almost-commutative (AC)-geometrical framework. In this scenario two new heavy (m L ≥ 100GeV ), oppositely double charged leptons (E,P),(E with charge -2 and P with charge +2), are born with no twin quark companions. Their final cosmic relics are bounded into "neutral" stable atoms (EP ) forming the mysterious cold dark matter, in the spirit of the Glashow's Sinister model. The AC-model introduces the pair of heavy leptons which possess electromagnetic and Z-boson interactions (and gravity). An (EP ) state is reached in the early Universe along a tail of a few secondary frozen exotic components. They should be now here somehow hidden in the surrounding matter. The two main secondary manif est relics are P ++ (mostly hidden in a neutral (P ++ e − e − ) "anomalous helium" atom, at a 10 −8 ratio) and a corresponding "ion" E −− bounded with an ordinary helium ion ( 4 He) ++ ; indeed the positive helium ions are able to attract and capture the free E −− fixing them into a neutral relic cage that has nuclear interaction ( 4 He ++ E −− ). The cage preserves the leptons to later recombine with neutral (P ++ e − e − ) into (EP ) evanescent states. In early and late cosmic stages (EP ) gas is leading to cold dark matter gravity seeds. It can form dense cores inside dense matter bodies (stars and planets). Binding (P ++ e − e − ) + ( 4 He ++ E −− ) into (EP ) heavy lepton AC-"atoms" results in a steady decrease of the anomalous isotopes and a growing concentration of AC-gas. However the (EHe) influence on Big Bang nucleo-synthesis and catalysis of nuclear transformations in terrestrial matter appear to be a serious problem for the model. Moreover the zero lepton OLe-helium (EHe), (P ++ e − e − ) pollution and its
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Introduction
The problem of the existence of new leptons is among the most important in modern high energy physics. Such new heavy leptons may be sufficiently long-living to represent a new stable form of matter. At the present there are in the elementary particle scenarios at least two main frames for Heavy Stable Quarks and Leptons: (a) A fourth heavy Quark and a fourth heavy Neutral Lepton (neutrino) generation (above half the ZBoson mass) [1] , [2] , [3] , [7] , [8] , [9] ; see also [10] , [11] ; and (b) A Glashow's "Sinister" heavy quark and heavy Charged Lepton family, whose masses role may be the dominant dark matter [12, 13] . Recently another possibility, based on the approach of almostcommutative geometry by Alain Connes [14] (the AC-model), was revealed in [15] . We shall address here our attention only on this latter option of the AC-model. The AC-model [15] extends the fermion content of the Standard model by two heavy particles with opposite electromagnetic and Z-boson charges. Having no other gauge charges, these particles (AC-fermions) behave as heavy stable leptons with charges +2e and −2e, to be referred to further as P and E, respectively. The mass of AC-fermions has a "geometrical" origin and is not related to the Higgs mechanism. In the absence of AC-fermion mixing with light fermions, AC-fermions can be absolutely stable and we explore this possibility in the present paper.
It should be noted that the only serious reason for the stability of AC-fermions which can be given from the view of almost-commutative geometry is that no interaction terms with ordinary fermions of the standard model appear in the Lagrangian. Since the almost-commutative model is purely classical and does not include quantum gravity or a fully noncommutative geometry, higher order effects cannot be excluded. One possibility to circumvent these shortcomings would be to postulate a quantum number (i.e. E-and P-number) for each AC-fermion, with value +1 for the particles and −1 for the antiparticles. To generate excess, non-conservation of separate E-and P-numbers is needed, but the (E-P)-number should be strictly conserved. The excess of E is taken to be equal to the excess of P, as required in the further cosmological treatment.
AC-fermions are sterile relative to the SU(2) w electro-weak interaction, and do not contribute to the standard model parameters. If their lifetime exceeds the age of the revealed in [13] for the sinister Universe [12] . As soon as 4 He is formed in the Big Bang nucleosynthesis, it captures all the free negatively charged heavy particles (Section 4). If the charge of such particles is -1 (as it was the case for tera-electron in [12] ) the positively charged ion ( 4 He ++ E − ) + puts up a Coulomb barrier for any successive decrease of the abundance of the species, over-polluting by anomalous isotopes the modern Universe. A double negative charge of E −− in the considered AC-model provides binding with 4 He ++ in a neutral OLe-helium state, which catalyzes in the first three minutes an effective binding in (EP ) atoms and a complete annihilation of antiparticles. Products of this annihilation neither cause an undesirable effect in the CMB spectrum, nor in the light element abundances. However, Ole-helium influence on reactions of Big Bang nucleosynthesis may be dangerous for the considered scenario. Still, though the CDM in the form of (EP ) atoms is successfully formed, E −− (bound in OLehelium) and P ++ (forming an anomalous helium atom (P ++ ee)) should also be present in the modern Universe and the abundance of primordial (P ++ ee) is by more, than ten orders of magnitude higher than the experimental upper limit on the anomalous helium abundance in terrestrial matter. This problem can be solved by OLe-helium catalyzed (EP ) binding of (P ++ ee) (Section 5), but different mobilities in matter of the atomic interacting (P ++ ee) and the nuclear interacting (EHe) lead to a fractionation of these species, preventing an effective decrease of the anomalous helium abundance. Moreover, though (EP ) binding is not accompanied by strong annihilation effects, as it was the case for the 4th generation hadrons [11] , gamma radiation from it inside large volume detectors might be too large and cause troubles for the considered model. Technical details for the calculations of the primordial abundances and the recombination rates are given in Appendices 1 and 2. We explain in Appendix 3 that the symmetric case of equal primordial abundance of AC-leptons and their antiparticles is too explosive to explain dark matter by an equal amount of (EP ) atoms and (ĒP ) anti-atoms without a contradiction with the observed gamma background. In Appendix 4 we show that if the stability of AC-leptons is protected by the conservation of a gauge charge, the existence of a new massless gauge boson related with this charge, is compatible with the Big Bang nucleosynthesis and a Coulomb like attraction between E and P , mediated by this boson, prevents their fractionating and makes (EP )-binding much more effective. Even without this possible panacea for AC-cosmology the considered model escapes most of the troubles revealed for other cosmological scenarios with stable heavy charged particles [11, 13] . With successive improvements it might provide a realistic scenario for composite dark matter in the form of evanescent atoms, composed by heavy stable electrically charged particles.
Novel Particles in the AC-model
The novel particles under consideration have their origin in noncommutative geometry as pioneered by Alain Connes [14] . It is in the first place a translation of the language of differential geometry (manifolds, differential calculus, etc.) into the algebraic language of spectral triples. A spectral triple consists of three basic entities, a real, involutive algebra A, a Dirac operator D and a Hilbert space H which have to obey a set of axioms tying them closely together. The algebra is faithfully represented on the Hilbert space and the Dirac operator is a first order operator acting on H. Drawing an analogy to ordinary topology and differential geometry one can loosely associate the role of the topology to the algebra. The geometry (metric, differential forms, geodesic distance, etc.) is generated by the Dirac operator and the choice of the Hilbert space, i.e. the representation of the algebra. For the calibrating example of a Riemannian geometry the algebra is simply the algebra of C ∞ -functions over the manifold, the Dirac operator is the well known Dirac operator on curved space-time and the Hilbert space is the one consisting of square-integrable Dirac spinors. In this case the representation of the algebra on the Hilbert space is realized by pointwise multiplication.
The important point is that these spectral triples allow to be generalized to noncommutative or discrete spaces which have compact Lie groups (SO(N), SU(N) and SpU(N)) as their symmetry groups. The algebra of these discrete spaces is a sum of simple matrix algebras over the real numbers, the complex numbers or the quaternions. This algebra is represented on the Hilbert space of fermion multiplets by matrix multiplication. The Dirac operator is simply a mass matrix which connects the appropriate left-and right-handed multiplets. Since the possible choice of the representation and thus the choice of the Hilbert space is strongly restricted by the axioms of noncommutative geometry, the size of the Hilbert space, i.e. the number of fermion multiplets will depend on the number of summands in the matrix algebra.
It is also possible to combine the spectral triples of space-time and those of discrete spaces, what allows to treat general coordinate transformations and compact Lie groups on the same geometrical footing. These combinations of space-time and discrete spaces are called almost-commutative geometries.
With the mathematical tool of almost-commutative geometry Ali Chamseddine and Alain Connes were able to construct the standard model of particle physics in unification with general relativity [16] . This unification takes place on the level of classical field theories, it does not say anything on quantum-gravity! To construct the Lagrangian of the standard model the full structure of almost-commutative geometry is vital. Only in combination with gravity, i.e. the space-time part of the spectral triple, is it possible to obtain the gauge fields and the Higgs boson in a natural way.
It could also be shown that for the simplest classes of almost-commutative geometries, with up to four summands in the matrix algebra, only the standard model and a so called electro-strong model emerge as physically sensible models [17, 18, 19, 20] and [23] .
If one goes a step further in the classification of almost-commutative geometries, the situation becomes most complex and a complete classification seems very difficult. The full structure of almost-commutative geometries beyond four summands in the matrix algebra is not yet in sight but an example of such a geometry with six summands in the algebra given in [15] provides an interesting physical model. It is a most simple extension of the standard model, but it is highly non-trivial that such an extension is compatible with the axioms of noncommutative geometry. From the spectral triple of this model follows that the corresponding physical theory describes the first family of the well-known standard model with two novel particles, the AC-particles E and P .
The bosonic part of the standard model Lagrangian stays unchanged and to the fermionic part the following Lagrangian for the AC-particles E and P is added (h = c = 1 is assumed):
where the ψs are Dirac 4-spinors for the corresponding particles. The covariant derivative turns out to couple the two fermions to the U(1) Y sub-group of the standard model gauge group,
where B is the gauge field corresponding to U(1) Y , A and Z are the photon and the Z-boson fields, e is the electromagnetic coupling and θ w is the weak angle. The hypercharge Y E/P of the new fermions can be any non-zero fractional number with Y E = −Y P so that E and P have opposite electromagnetic charge. Y E/P = 0 is not allowed since this would conflict with the postulated complex representation of the little group on the fermions, for details see [19] . The gauge group of the new model remains the standard model gauge group,
The whole model is free of harmful Yang-Mills anomalies since the standard model is free of these anomalies and the AC-fermions couple vectorially to the hyper-charge U(1) Y and thus to G SM .
If one chooses Y E = −Y P = −2 one finds that E has electromagnetic charge Q = −2e and particle P has charge Q = +2e. The cosmological problem of the 4 He cage for Q = −e tera-electrons of Glashow's Sinister model [12, 13] , revealed in [13] , arises for any choice of negative electric charge of AC-leptons different from Q = −2e. As for the right-handed leptons in the standard model the hyper-charges have the same numerical value as the electrical charges (this depends of course on the normalization, i.e. on the choice of the Gell-Mann-Nishijima formula).
The two interactions with the photon (γ) and the Z-boson (Z 0 ) allow two possible pair-creation channels for the novel particles:
and
The masses of the standard model fermions are obtained by minimizing the Higgs potential. It turns out that the masses m E and m P of the AC-fermions are Dirac masses and do not have their origin in the Higgs mechanism. This is due to the vector like coupling of the gauge group. Consequently the Dirac masses do not break gauge invariance. If there is a mechanism which creates such masses it seem out of reach for almost-commutative geometry and one could only speculate that it appears in a truly noncommutative model. Review of Particle Physics [24] gives a surprisingly small lower limit for the masses of lepton-like particles with electromagnetic charge Q = ±2 being m E/P ≥ 9 GeV. However, crossing the threshold of new lepton pair production would increase the e + e − annihilation cross section and such an additional contribution would be hardly overlooked in LEP. Therefore, it is reasonable to consider m E = m P = 100 GeV as the lower limit for the masses of AC-leptons. We'll further assume for definiteness
Almost-commutative geometry in the minimal approach presented in [17, 18, 19, 20] and [15] cannot say anything on more than one family. The other two families have to be introduced by hand as copies of the first family. This is compatible with almostcommutative geometry but goes beyond the minimal approach. It would be possible to introduce AC-fermions in every family and render the heavier fermions of the second and third family unstable by introducing a Cabibbo-Maskawa-type mechanism. Since this decay would be neutral by emission of photons and Z-bosons the heavier particles would probably decay quite rapidly, even with small mixing angles. But it is not required by almost-commutative geometry to introduce AC-fermions into every family and doing so would be purely aesthetical. For the moment the AC-particles are introduced apart from the standard model families.
Primordial AC-particles from the Big Bang Universe
The model [15] admits that in the early Universe a charge asymmetry of AC-fermions can be generated so that a P and E excess saturates the modern dark matter density, dominantly in the form of (EP ) atoms. For light baryon excess η b = n b mod /n γ mod = 6 · 10 −10 it gives an AC-excess
where M = m P + m E is the sum of the masses of P and E. For future use, following [12, 13] , it is convenient to relate the baryon density Ω b = 0.044 and the AC-lepton density Ω CDM = 0.224 with the entropy density s, and to introduce r b = n b /s and r P = r E = n P /s = n E /s. Taking into account that s mod = 7.04 · n γ mod , one obtains r b ∼ 8 · 10 −11 and
We'll further assume that m P = m E = M/2 = m, so the AC -fermion excess Eq.(4) is given by
where S 2 = m/100 GeV.
Chronological cornerstones of the AC-Universe
After the generation of AC-lepton asymmetry, the thermal history of AC-matter in chronological order looks as follows for m P = m E = m = 100S 2 GeV: 1) 10
GeV. AC-lepton pair EĒ and PP annihilation and freezing out (Subsection 3.2 and Appendix 1). For large m the abundance of frozen out AC-lepton pairs is not suppressed in spite of an AC-lepton excess.
2) 2.5 · 10
In this period the recombination of negatively charged AC-leptons E −− with positively charged P ++ -leptons can lead to the formation of AC-lepton "atoms" (EP ) with potential energy
. Together with neutral (EP )-"atoms" free charged E −− and P ++ are also left, being the dominant form of AC-matter at S 2 > 6.
3) t ∼ 2.5 · 10
2 s at T ∼ I E = I P = 20S 2 MeV. The temperature corresponds to the binding energy
annihilate. At large m this annihilation is not at all effective to reduce the EĒ and PP pairs abundance (subsection 3.3). These pairs are eliminated in the course of the successive evolution of AC-matter. 4) 100 s ≤ t ≤ 300 s at 100 keV ≥ T ≥ I EHe /27 ≈ 60 keV, where I EHe = Z 12 s at T ∼ T RM ≈ 1 eV. AC-matter dominance starts with (EP )-"atoms", playing the role of CDM in the formation of Large Scale structures.
7) z ∼ 20. The formation of galaxies starts, triggering (EP ) recombination in dense matter bodies.
All these species should be present around us and we turn now to the stages of their formation.
Freezing out of E-leptons
In the early Universe at temperatures highly above their masses, AC-fermions were in thermodynamical equilibrium with the relativistic plasma. It means that at T > m the excessive E and P were accompanied by EĒ and PP pairs.
When in the course of the expansion the temperature T falls down below the mass of AC-particles, m, the concentration of particles and antiparticles is given by the equilibrium. The equilibrium concentration of EĒ and PP pairs starts to decrease at T < m E = m P = m = 100S 2 GeV. At the freezing out temperature T f the rate of expansion exceeds the rate of annihilation to photons EĒ → γγ or to pairs of light fermions f (quarks and charged leptons) EĒ →f f (and of the same processes for PP pairs). Then E (and P ) leptons and their antiparticlesĒ (P ) are frozen out.
The S 2 -dependence of the frozen out abundances (in units of the entropy density) of AC-leptons and their antiparticles
is given by Eq. (75) 
At S 2 < 3.6 there is a exponential suppression of theĀC abundance. For S 2 , close to 1, one has
At S 2 = 1 the solution Eq. (8) gives
This picture assumes that the reheating temperature T r after inflation exceeds m. A wide variety of inflationary models involve a long pre-heating stage, after which the reheating temperature does not exceed T r < 4 · 10 6 GeV . This upper limit appears, in particular as a necessary condition to suppress an over-abundance of primordial gravitinos (see e.g. [25] , for review and Refs. [28] ). Therefore the successive description of the freezing out of AC-fermions may not be strictly applicable for very large S 2 > 10 4 , when nonequilibrium mechanisms of AC-particle creation can become important. However, even the out-of-equilibrium mechanisms of AC-particle creation in the early Universe can hardly avoid the appearance of AC-lepton pairs.
On the other hand, at S 2 > 3.6 the concentration of frozen out AC-lepton pairs exceeds the one of the AC-lepton excess, given by Eq.(5) and this effect grows with S 2 as ∝ S 2 2 at large S 2 . So in this moment, in spite of an assumed AC-lepton asymmetry, the frozen out concentration of antiparticlesP andĒ is not strongly suppressed and they cannot be neglected in the cosmological evolution of AC-matter.
AntiparticlesP andĒ should be effectively annihilated in the successive processes of PP and EĒ recombination in bound (PP ) and (EĒ) AC-positronium states.
3.3.Ē andP annihilation in AC-positronium states
The frozen out antiparticles (Ē andP ) can bind at
MeV with the corresponding particles (E and P ) into positroniumlike systems and annihilate. Since the lifetime of these positronium-like systems is much less than the timescale of their disruption by energetic photons, the direct channel ofĒ andP binding in (EĒ) and (PP ), followed by a rapid annihilation, cannot be compensated by an inverse reaction of photo-ionization. That is whyĒ (P ) begin to bind with E (P ) and annihilate as soon as the temperature becomes less than
The decrease of theĒ abundance owing to EĒ recombination is governed by the equation
where s is the entropy density and (see Appendix 2)
Hereᾱ = Z 2 α. For m P = m E = m the same equation describes the decrease of theP abundance due to PP recombination. Therefore all the successive results forĒ are also valid forP .
Using the formalism of Appendix 1 we can re-write Eq. (9) as
where x = T /I E , the asymmetry κ E = r E − rĒ = 2 · 10 −12 /S 2 is given by Eq. (5) and
The concentration of the remainingĒ is given by Eq.(69) of Appendix 1
where from Eq.(6) r fĒ = rĀ C and
In the evaluation of Eq. (12) we took into account that the decrease ofĒ starts at T ∼ I E , so that x fĒ ∼ 1. At S 2 < 40 the abundance ofĒ is suppressed exponentially. Indeed, one has κ E J E ≈ 1600/S 2 2 in the exponent of Eq.(11). It differs significantly from the situation revealed in [13] for tera-positrons in Glashow's sinister model [12] . Though in both cases a decrease of antiparticles due to the formation of positronium like systems is induced by electromagnetic interaction and the factor in the exponent is determined by the square of the fine structure constant α, in the case of AC-leptons, this factor is enhanced by Z 4 = 16 times owing to the Z 4 dependence ofᾱ 2 . It results in a much wider mass interval for AC-leptons, in which the primordial pair abundance is exponentially suppressed.
At S 2 close to 1 the condition r fĒ ≪ κ E in the solution Eq. (11) provides the approximate solution
which gives for S 2 < 40
At large S 2 > 40 the approximate solution is given by
In the result the residual amount ofĒ remains at S 2 > 40 enormously high, being for S 2 > 49 larger than the AC-lepton excess. This effect grows with S 2 > 49 as ∝ S 2 2 . The general expression for the particle (E and P ) abundance r E after twin ACpositronium annihilation has the form (see Eq.(69) of Appendix 1)
where J E is given by Eq. (12) and from Eq. (6) r Ef = r AC .
With the account for r Ef > κ E for all S 2 one obtains
It tends to r E ≈ 1/J E + κ E /2 ≈ 1.25 · 10 −15 S 2 + 10 −12 /S 2 at large S 2 and to κ E for S 2 < 40.
E-P recombination
At the temperature
MeV (where the electric charge of E and P is Z E = Z P = 2) P and E can form atom-like bound systems. Reactions
are balanced by inverse reactions of photo-destruction. According to the Saha-type equation
an effective formation of (EP ) systems is delayed. In this period composite (EP ) cold dark matter is formed. However, though at S 2 ∼ 1 most of P bind with E into (EP ), a significant fraction of free P and E remains unbound, what we show below. Moreover, such a binding is not efficient at large S 2 > 6.
In the considered case m E = m P = m the frozen out concentrations of E and P are equal, being r E = r P = κ E = 2 · 10 −12 /S 2 for S 2 < 40 and r E = r P = 1.25 · 10 −15 S 2 + 10 −12 /S 2 for larger S 2 . Defining the fraction of free E and P as r Ef = r P f = y · r E = y · r P , we have for the fraction of bound (EP ) states r (EP ) = (1 − y) · r E = (1 − y) · r P , where y is determined by the equilibrium and we can re-write the Saha equation Eq.(16) as
Here η E = η P is defined by Eq. (3) and is given by η E = η P = 1.5 · 10 −11 /S 2 . The equilibrium value of y is equal to
). The equilibrium ratio y eq is frozen out at T = T f , when the rate of recombination R(T f ) = n eq (T f ) σ ann v(T f ) becomes less than the rate of expansion R(T f ) = H(T f ). With the use of formulae of Appendix 1 the freezing out temperature x f = T f /I EP is determined by the relationship
where
Here J E is given by Eq. (12) . At S 2 < 40 Only for S 2 < 6 the value of A exceeds 1 and the abundance of free E and P decreases owing to their binding. However, even for S 2 ∼ 1 a fraction of free AC-particles remains significant, being only 30 times less, than the abundance of bound (EP ) states.
Brief summary of AC-traces at t ∼ 1 s
The AC-matter content of the Universe to the end of MeV era is: 1. Free E and P with r E = r P = 1.25 · 10 −15 S 2 + 10 −12 /S 2 at S 2 > 40. Their abundance tends to r E = r P = κ E = κ P = 2 · 10 −12 /S 2 at 6 < S 2 < 40 and decreases down to 7 · 10 −14 /S 2 at S 2 → 1.
FreeĒ andP with rĒ
3. Neutral AC-atoms (EP ) with an abundance r (EP ) ≈ κ E = κ P = 2 · 10 −12 /S 2 at S 2 < 6 and decreasing exponentially at larger S 2 > 6.
4. An exponentially small (≪ 10 −30 ) amount of AC-anti-atoms (ĒP ). At small S 2 it is small owing to the exponential suppression of frozen out antiparticles, while at large S 2 the antiparticles do not form bound states.
For S 2 ≥ 50 pairs of free AC-leptons EĒ and PP dominate among these relics from MeV era. The abundance of these pairs relative to the AC-lepton excess grows with S 2 > 50 as ∝ S 2 2 . Since the mass of an AC-lepton is ∝ S 2 , the contribution of AC-lepton pairs to the total density grows as ∝ S 3 2 relative to the AC-excess. If they survive, AC-lepton pairs can over-close the Universe even at modest S 2 > 50. However they do not survive due to annihilation, and such annihilation in the first three minutes does not lead to contradictions with the observed light element abundance and the CMB spectrum.
In the Big Bang nucleosynthesis 4 He is formed with an abundance r He = 0.1r b = 8 · 10 −12 and, being in excess, bind all the negatively charged AC-species into atom-like systems. Since the electric charge of E (andP ) is −2, neutral "atoms" are formed, catalyzing effective (EP ) binding and anti-particle annihilation. It turns out that the electromagnetic cascades from this annihilation cannot influence the light element abundance and the energy release of this annihilation takes place so early that it does not distort the CMB spectrum.
Helium-4 cage for free negative charges
can take place. In this reaction a neutral OLe-helium (EHe) "atom" is produced. The size of this "atom" is
and it can play a nontrivial catalyzing role in nuclear transformations. This aspect needs special thorough study, but some arguments, which we present below, favor no significant influence on the SBBN picture. For our problem another aspect is also important. The reaction Eq. (18) can start only after 4 He is formed, what happens at T < 100 keV. Then inverse reactions of ionization by thermal photons support Saha-type relationships between the abundances of these "atoms", free E − , 4 He and γ:
When T falls down below T rHe ∼ I EHe / ln (n γ /n He ) ≈ I EHe /27 ≈ 60 keV free E −− are effectively bound with helium in the reaction Eq. (18 
In these reactions a heavy P -ion penetrates the neutral (EHe) "atom", expels 4 He and binds with E into the AC-"atom" (EP ).
At S 2 > 40 the concentration of primordial antiparticlesP andĒ is not negligible. At T rHe ∼ I EHe / log (n γ /n He ) ≈ I EHe /27 ≈ 60 keVP form in the reaction
P-OLe-helium "atoms" ( 4 HeP ). As soon as OLe-helium and P-OLe-helium are formed heavy antiparticles can penetrate them, expelling 4 He and forming twin AC-positronium states (EĒ) and (PP ), in which the antiparticles annihilate. Therefore antiparticle (P andĒ) annihilation through twin AC-positronium formation, such as (EHe) +Ē → (EĒ annihilation products) + 4 He
takes place.
( 4 He) trapping of free negative charges
At T ≤ T rHe ∼ I EHe / log (n γ /n He ) ≈ I EHe /27 ≈ 60 keV, when the inverse reaction of photo-destruction cannot prevent reaction (18) , the decrease of the free E abundance owing to EHe binding is governed by the equation
where x = T /I EHe , r He = 8 · 10 −12 , σv according to Appendix 2 is given by
The solution of Eq. (28) is given by r E = r E0 exp (−r He J He ) = r E0 exp −1.28 · 10 4 .
Here
and x f He = 1/27. Thus, virtually all the free E are trapped by helium and their remaining abundance becomes exponentially small. For particles Q with charge −1, as for tera-electrons in the sinister model [12] , 4 He trapping results in the formation of a positively charged ion ( 4 He ++ Q − ) + , putting up a Coulomb barrier for any successive process of recombination [13] . Therefore, only the choice of ±2 electric charge for the AC-leptons makes it possible to avoid this problem. In this case ( 4 He) trapping leads to the formation of neutral OLe-helium "atoms" 4 He ++ E −− , which can catalyze an effective binding of E and P into an (EP ) dark matter species.
OLe-helium catalysis of (EP) binding
The process of P ++ capture by the (EHe) atom looks as follows. Being in thermal equilibrium with the plasma, free
their wavelength is much smaller than the size of the (EHe) atom. They can penetrate the atom and bind with E, expelling He from it. The rate of this process is determined by the size of the (EHe) atoms, similar to the rate for such a catalytic recombination of tera-helium [12] , determined by the size of the (EHe) atom, and is given by 
= 4·10
−2 I EHe /S 2 the wavelength of P ++ , λ, exceeds the size of (EHe) and the rate of (EHe) catalysis is suppressed by a factor (R EHe /λ) 3 = (T /T a ) 3/2 and is given by
At modest values of S 2 the abundance of primordial antiparticles is suppressed and the abundance of free P , r P , is equal to the abundance of E, trapped in the (EHe) atoms, r E = r EHe . Therefore a decrease of their concentration due to the OLe-helium catalysis of (EP ) binding is determined by the equation
where x = T /I EHe , r EHe = r P , σv is given by Eqs. (26) at T > T a and (27) at T < T a , α = Z E Z He α and
The solution of Eq. (28) is given by
x f He = 1/27 and a weak dependence on S 2 is described by the function f (
) 3/2 for S 2 < 1.08. At large S 2 > 40 the primordial abundance of antiparticles (P andĒ) is not suppressed. OLe-helium and P-OLe-helium catalyze in this case the annihilation of these antiparticles through the formation of AC-positronium. Similar to the case of tera-particles, considered in [13] , it can be shown that the products of the annihilation cannot cause a back-reaction, ionizing OLe-helium and P-OLe-helium and suppressing the catalysis.
Indeed, energetic particles, created in EĒ and PP annihilation, interact with the cosmological plasma. In the development of the electromagnetic cascade the creation of electron-positron pairs in the reaction γ + γ → e + + e − plays an important role in astrophysical conditions (see [26, 27, 28] for review). The threshold of this reaction puts an upper limit on the energy of the nonequilibrium photon spectrum in the cascade
where the factor a = ln (15Ω b + 1) ≈ 0.5. At T > T rbHe = am 2 e /(25I EHe ) ≈ 3 keV in the spectrum of the electromagnetic cascade from EĒ and PP annihilation the maximal energy E max < I EHe andĒ (P ) annihilation products cannot ionize ( 4 HeE −− ). So, there is no back reaction of theĒ (P ) annihilation until T ∼ T rbHe and in this period practically all free E −− andP −− are bound into ( 4 HeE −− ) and ( 4 HeP −− ) atoms. On the same reason electromagnetic showers, induced by annihilation products and having a maximal energy below the binding energies of the SBBN nuclei, cannot initiate reactions of non-equilibrium nucleosynthesis and influence the light element abundance.
Complete elimination of antiparticles by OLe-helium catalysis
In the absence of a back-reaction of annihilation products nothing prevents the complete elimination of antiparticles (E ++ andP −− ) by (P-)OLe-helium catalysis. In the case ofP −− , P-OLe-helium ( 4 HeP −− ) binds virtually allP −− and rĀ C = rP = rP He . Then free P ++ with primordial abundance r P = rP + κ P = rĀ C + κ collide with ( 4 HeP −− ), expel 4 He and form twin P-positronium (P ++P −− ), which rapidly annihilates.
E ++ with primordial abundance rĀ C = rĒ, colliding with OLe-helium with abundance r EHe = r E = rĒ + κ E = rĀ C + κ, expel 4 He from ( 4 HeE −− ) and annihilate in twin E-positronium (Ē ++ E −− ). In both cases the particle excess κ = κ P = κ E = 2 · 10 −12 /S 2 is given by Eq.(5) and the decrease of antiparticle abundance rĀ C is described by the same equation
where for large S 2 , when the primordial abundance of antiparticles is not suppressed, σv is given by Eq. (26) . The solution of this equation is given by Eq.(69) of Appendix 1, which in the considered case has the form
where r fĀC is given by Eq.(13) and J EHe = 1.4 · 10 17 · f (S 2 ) is given by Eq.(29) with f (S 2 ) ≈ 1 at large S 2 ≫ 1. The factor in the exponent is κJ He = 2.8 · 10 5 /S 2 . It leads to a huge exponential suppression of the antiparticles at S 2 ≪ 10 5 .
OLe-helium in the SBBN
The question about the participation of OLe-helium in nuclear transformations and its direct influence on the light element abundance is less evident. Indeed, OLe-helium looks like an α particle with a shielded electric charge. It can closely approach nuclei due to the absence of a Coulomb barrier. On that reason it seems that in the presence of OLe-helium the character of SBBN processes should change drastically. However, it might not be the case.
The following simple argument can be used to indicate that OLe-helium influence on SBBN transformations might not lead to binding of E with nuclei, heavier, than 4 He.
In fact, the size of OLe-helium is of the order of the size of 4 He and for a nucleus A with electric charge Z > 2 the size of the Bohr orbit for an ZE ion is less than the size of the nucleus A. This means that while binding with a heavy nucleus E penetrates it and effectively interacts with a part of the nucleus with a size less than the corresponding Bohr orbit. This size corresponds to the size of 4 He, making OLe-helium the most bound ZE-atomic state. It favors a picture, according to which an OLe-helium collision with a nucleus, results in the formation of OLe-helium and the whole process looks like an elastic collision.
Interaction of the 4 He component of EHe with a
A Z Q nucleus can lead to a nuclear transformation due to the reaction
provided that the masses of the initial and final nuclei satisfy the energy condition
where I EHe = 1.6 MeV is the binding energy of OLe-helium and M(4, 2) is the mass of the helium nucleus. This condition is not valid for stable nuclei participating in reactions of the SBBN. However, tritium 3 H, which is also formed in SBBN with abundance 3 H/H ∼ 10
satisfies this condition and can react with OLe-helium, forming 7 Li and opening the path of successive OLe-helium catalyzed transformations to heavy nuclei. This effect might strongly influence the chemical evolution of matter on the pre-galactic stage and needs self-consistent consideration within Big Bang nucleosynthesis network.
Forms of AC-Matter in the modern Universe
The development of gravitational instabilities of AC-atomic gas follows the general path of the CDM scenario, but the composite nature of (EP ) "atoms" leads to some specific difference. In particular, one might expect that particles with a mass m EP = 200S 2 GeV should form gravitationally bound objects with the minimal mass
However, this estimation is not valid for composite CDM particles, which (EP ) "atoms" are. For S 2 < 6 the bulk of (EP ) bound states appear in the Universe at T f EP = 0.7S 2 MeV and the minimal mass of their gravitationally bound systems is given by the total mass of (EP ) within the cosmological horizon in this period, which is of the order of
where T RM = 1 eV corresponds to the beginning of the AC-matter dominated stage. These objects, containing N = 2 · 10 55 · S and the size
At S 2 > 6 the bulk of (EP ) "atoms" is formed only at T EHe = 60 keV due to OLe-helium catalysis. Therefore at S 2 > 6 the minimal mass is independent of S 2 and is given by
The size of (EP )-"atoms" is (Z E = Z P = 2)
and their mutual collision cross section is about
AC-"atoms" can be considered as collision-less gas in clouds with a number density n EP and size R, if n EP R < 1/σ EP . At a small energy transfer ∆E ≪ m the cross section for the interaction of ACatoms with matter is suppressed by the factor ∼ Z 2 (∆E/m) 2 , being for scattering on nuclei with charge Z and atomic weight A of the order of . It proves the WIMP-like behavior of AC-atoms in the ordinary matter. Mutual collisions of AC-"atoms" determine the evolution timescale for a gravitationally bound system of collision-less AC-gas
where the relative velocity v = GM/R is taken at S 2 < 6 for a cloud of mass Eq.(36) and an internal number density n. The timescale Eq.(40) exceeds substantially the age of the Universe even at S 2 < 6. Therefore the internal evolution of AC-atomic self-gravitating clouds cannot lead to the formation of dense objects.
The problem of Anomalous Helium
The main possible danger for the considered cosmological scenario is the over-production of primordial anomalous isotopes. The pregalactic abundance of anomalous helium (of P -lepton atoms (eeP ++ )) exceeds by more than 12 orders of magnitude the experimental upper limits on its content in terrestrial matter.
It may be shown that gravitational concentration in stars is not effective to reduce this amount. Indeed, for a number density n s of stars with mass M s and radius R s the decrease of the number density n i of free particles, moving with the relative velocity v, is given by
Therefore, to be effective (i.e. to achieve substantial decrease of number density n i = n i0 exp(−t/τ )) the timescale of capture
should be much less than the age of the Universe τ ≪ t U = 4 · 10 17 s, whereas for n s ∼ 1 pc −3 , M s = M ⊙ ≈ 2 · 10 33 g, R s = R ⊙ ≈ 7 · 10 10 cm and v ∼ 10 6 cm/ s, τ ∼ 5 · 10 23 s ≫ t U . Even for supergiants with M s ∼ 20M ⊙ and R s ∼ 10 4 R ⊙ (and even without account for a smaller number density of these stars) we still obtain τ ∼ 3 · 10 18 s ≫ t U . Moreover, the mechanisms of the above mentioned kind cannot in principle suppress the abundance of remnants in interstellar gas by more than factor f g ∼ 10 −2 , since at least 1% of this gas has never passed through stars or dense regions, in which such mechanisms are viable. It may lead to the presence of a P ++ (and E) component in cosmic rays at a level ∼ f g ξ i . Therefore based on the AC-model one can expect the anomalous helium fractions in cosmic rays
These predictions may be within the reach for future cosmic ray experiments, in particular, for AMS. The only way to solve the problem of anomalous isotopes is to find a possible reason for their low abundance inside the Earth and a solution to this problem implies a mechanism of effective suppression of anomalous helium in dense matter bodies (in particular the Earth). The idea of such a suppression, first proposed in [29] and recently realized in [11] is as follows.
If anomalous species have an initial abundance relative to baryons ξ i0 , their recombination with the rate σv in a body with baryonic number density n reduces their abundance during the age of the body t b down to
If ξ i0 ≫ 1/(n σv t b ) in the result, the abundance is suppressed down to
To apply this idea to the case of the AC-model, OLe-helium catalysis can be considered as the mechanism of anomalous isotope suppression.
(EHe) catalysis in dense matter bodies
To catalyze the processes, reducing the abundance of anomalous helium, first of all (EHe) should be effectively captured by a matter body. A matter object with size R with a number density n at = n b /A of atoms with atomic weight A is opaque for (EHe) and can effectively capture it, if
Here the transport cross section for the (Ep) energy transfer to an atom σ trEA = Aσ trEp is expressed through such cross section per nucleon
where R EHe = 1/(Z E Z He αm He ) ≈ 2 · 10 −13 cm is given by Eq. (19) . The condition Eq.(45) for an effective capture of (EHe) reads as
A similar condition Eq.(45) for the effective capture of (eeP ++ ), having atomic cross sections for the interaction with matter σ a ∼ 10 −16 cm 2 , is given by
where for (eeP ++ ) the transport cross section per nucleon is equal to
Matter objects, satisfying the condition Eq.(45) for all these species, can, in principle, provide the conditions for (EHe) catalysis, but, being captured, (EHe) should survive in the object and the catalysis should be effective. The temperature in hot stellar interiors normally does not reach the value of I EHe = 1.6 MeV (which might be reached and exceeded only at Supernova explosions). Therefore an (EHe) "atom" cannot be ionized by thermal radiation. On the other hand, at T < T a ≈ 64/S 2 keV the rate of catalysis is given by Eq. (27) and in planets (in particular, in the Earth) this rate is much less than Eq. (26) .
Note that at such a low rate of thermal catalysis even if (EHe) atoms were contained in the primordial terrestrial matter in the pre-galactic proportion with (eeP ++ ), they could not effectively reduce the abundance of this form of anomalous helium below the experimental limits. Indeed, taking in Eq. (44) 2 , which exceeds the experimental upper limit at S 2 < 9.
A possible enhancement of the catalysis may be related with the (EHe) excess in the Solar system, and, in particular the Earth. In such a mechanism the terrestrial abundance of anomalous helium (eeP ++ ) is suppressed due to (EHe) catalyzed (EP ) binding of most of the incoming flux I P reaching the Earth.
In the framework of our consideration, interstellar gas contains a significant (∼ f g ξ P ) fraction of (eeP ++ ). When the interstellar gas approaches Solar System, it is stopped by the Solar wind in the heliopause at a distance R h ∼ 10 15 cm from the Sun. In the absence of detailed experimental information about the properties of this region we assume for our estimation that all the incoming ordinary interstellar gas, containing dominantly ordinary hydrogen, is concentrated in the heliopause and the fraction of this gas, penetrating this region towards the Sun, is pushed back to the heliopause by the Solar wind. In the result, to the present time during the age of the Solar system t E a semisphere of width L ∼ R h is formed in the distance R h , being filled by a gas with density n hel ∼ (2πR
The above estimations show that this region is transparent for (EHe), but opaque for atomic size remnants, in particular, for (eeP ++ ). Though the Solar wind cannot directly stop heavy (eeP ++ ), the gas shield in the heliopause slows down their income to Earth and suppresses the incoming flux I P by a factor S h ∼ 1/(n hel R h σ tra ), where according to Eq.(47) σ tra ≈ 10 −18 S 2 cm 2 . So the incoming flux, reaching the Earth, can be estimated as [11] 
This suppression provides an additional reason for the generation of an (EHe) excess in the Earth. For the (EHe) excess k = ∆n EHe /n the residual abundance of anomalous helium can be suppressed exponentially
Such an excess can appear in the Solar system since the matter of the disc (with n b R ∼ 3 · 10 20 cm −2 ) is transparent for nuclear interacting (EHe) and opaque for atomic (eeP ++ ). Then the incoming flux of (EHe) is proportional to the halo velocity dispersion (v h ∼ 300 km/ s), while the flux of (eeP ++ ) comes to Solar system with a velocity dispersion in the disc (v d ∼ 20 km/ s) and it can be additionally suppressed while crossing the heliopause (see discussion in [11] ). For an equal initial abundance of (EHe) and (eeP ++ ) this difference in the incoming fluxes results in an excessive amount of (EHe) in Solar system.
For the (EHe) excess, linearly growing with time kn b = j E ·t (here j E is the increase of excessive (EHe) per unit time in unit volume) at t > τ , where
, the abundance of primordial anomalous helium decreases as
and falls down below the experimental upper limit at τ < 0.1t b , corresponding to 4 · 10
Note that the income of (EHe), captured and homogeneously distributed in the Earth, gives rise to [11] 
where the Earth's radius R E ≈ 6·10 8 cm and (EHe) the number density n E is determined by the local halo density ρ 0h ≈ 0.3 We see that the income of (EHe) can create in the Earth an (EHe) excess, which provides an effective suppression of primordial anomalous helium in the terrestrial matter. If we take into account the income of interstellar anomalous helium, j i , on the timescale t > τ the solution reads
The above consideration assumes a timescale, exceeding the diffusion timescale of (Ep) in the Earth (
s, where the thermal velocity of (EHe) in terrestrial matter is v T ∼ 2 · 10 4 S −1/2 2 cm) or the timescale of water circulation in the Earth (t w ≈ 3 · 10 10 s, see the discussion in [11] ). Since τ ≫ t w ≥ t dif , on the timescale t dif we can neglect the increase of (EHe) excess with time and take its value, gained to the present time, as constant kn b ≈ j E t E , which for j E , given by Eq.(51) is equal to kn b ≈ 2.5 · 10 8 cm −3 . The timescale of the (EHe) catalysis is then
being for S 2 < 10 3 much larger than the relaxation timescales t dif and t w . It means that (EHe) catalysis for most of incoming anomalous helium atoms takes place after they acquire a stationary distribution. However, (EHe) in the infalling flux have momentum k ∼ mv h /c ∼ 1/R EHe and thus they have a correspondingly larger cross section of catalysis. Therefore the problem of anomalous helium can involve considerations of non-thermal catalysis, taking place before the slowing down of this flux.
Moreover, even if the (EHe) excess provides an effective solution for the problem of anomalous hydrogen some inevitable consequences of this mechanism can still contain some danger for the considered scenario.
Effects of (EHe) catalyzed processes in the Earth
The first evident consequence of the proposed excess is the inevitable presence of (EHe) in terrestrial matter. (EHe) concentration in the Earth can reach the value j E t E ≈ 2.5 · 10 8 cm −3 for the income of (EHe) excess, given by Eq.(51). The relatively small size of neutral (EHe) may provide a catalysis of cold nuclear reactions in ordinary matter (much more effectively, than muon catalysis). This effect needs special and thorough nuclear physical treatment. On the other hand, if E capture by nuclei, heavier than helium, is not effective and does not lead to a copious production of anomalous isotopes, (EHe) diffusion in matter is determined by an elastic collision cross section (46) and may effectively hide Ole-helium deeply inside the Earth. Then (EHe) dominantly sinks down the Earth and its abundance around us is much less, than the average value of j E t E in Earth.
One can give the following argument for possible regeneration and sinking of OLehelium in terrestrial matter. OLe-helium can be destroyed in reactions (33) . It can definitely take place in OLe-helium collisions with carbon, oxygen, neon and many other terrestrial elements. Then free E are released and owing to a hybrid Auger effect (capture of E and ejection of ordinary e from the atom with atomic number A and charge of Z of the nucleus) E-atoms are formed, in which E occupies highly an excited level of the Z − E system, which is still much deeper than the lowest electronic shell of the considered atom. E-atomic transitions to lower-lying states cause radiation in the range intermediate between atomic and nuclear transitions. In course of this falling down to the center of the E − Z system, the nucleus approaches E. For A > 3 the energy of the lowest state n (given by E n =
, exceeding the size of nucleus,
π , is less, than the binding energy of (EHe). Therefore regeneration of OLe-helium in a reaction, inverse to (33), might take place. If regeneration is not effective and E remains bound with heavy nucleus, anomalous isotope of Z − 2 element appears. This is the serious problem for the considered model.
Another effect is an Ole-helium catalysis of a more complete aggregation into (EP ) of anomalous helium (P ee). The consequences of the latter process are not as pronounced as those discussed in [11] for the annihilation of 4th generation hadrons in terrestrial matter, but it might also lead to some problems for the considered model.
In our mechanism terrestrial abundance of anomalous (P ee) is suppressed due to the (EHe) catalyzed binding of most of P from the incoming flux I P ee , reaching the Earth. (EP ) binding is accompanied by de-excitation of the initially formed bound (EP ) state. To expel 4 He from OLe-helium, this state should have binding energy exceeding I He = 1.6MeV , therefore MeV range γ transitions from the lowest excited levels to the ground state of (EP ) with I EP = 20S 2 MeV should take place. The danger of gamma radiation from these transitions is determined by the actual magnitude of the incoming flux, which was estimated in subsection 5.2 as Eq.(48).
The stationary regime of (EHe) catalyzed recombination of these incoming P ++ in the Earth should be accompanied by gamma radiation with the flux F (E) = N(E)I P l γ /R E , where N(E) is the energy dependence of the multiplicity of γ quanta with energy E in (EP )-atomic transitions, R E is the radius of the Earth and l γ is the mean free path of such γ quanta. At E > 100MeV one can roughly estimate the flux
coming from the atmosphere and the surface layer l γ ∼ 10 2 cm. Even without the heliopause suppression (namely, taking S h = 1) γ radiation from (EP ) binding seems to be hardly detectable.
In the course of (EP ) atom formation electromagnetic transitions with ∆E > 1 MeV can be a source of e + e − pairs, either directly with probability ∼ 10 −2 or due to the development of an electromagnetic cascade. If (EP ) recombination goes on homogeneously in the Earth within the water-circulating surface layer of the depth L ∼ 4 · 10 5 cm inside the volume of Super Kamiokande with size l K ∼ 3 · 10 3 cm, equilibrium (EP ) recombination should result in a flux of e + e − pairs F e = N e I P l K /L, which for N e ∼ 1 can be as large as F e ∼ ·10
Such an internal source of electromagnetic showers in large volume detectors inevitably accompanies the reduction of the anomalous helium abundance due to (EP ) recombination and might cause a danger (or the advantage of an experimental test?) for the considered model.
It should be noted that OLe-helium represents a tiny fraction of dark matter and thus escapes severe constraints [30] on strongly interacting dark matter particles (SIMPs) [31, 30] imposed by the XQC experiment [32] .
5.4.
(EHe) catalyzed formation of (EP )-matter objects inside ordinary matter stars and planets (EP ) "atoms" from the halo interact weakly with ordinary matter and can be hardly captured in large amounts by a matter object. However the following mechanism can provide the existence of a significant amount of (EP ) "atoms" in matter bodies and even the formation of gravitationally bound dense (EP ) bodies inside them.
Inside a dense matter body (EHe) catalyzes P aggregation into (EP ) "atoms" in the reaction (P ee) + (EHe) → (EP ) + He + 2e.
In the result of this reaction (EHe), interacting with matter with a nuclear cross section given by Eq.(46), and (P ee), having a nearly atomic cross section Eq.(47) of that interaction, bind into weakly interacting (EP ) "atoms", which decouple from the surrounding matter. In this process "products of incomplete AC-matter combustion" (OLe-helium and anomalous helium), which were coupled to the ordinary matter by hadronic and atomic interactions, convert into (EP ) "atoms", which immediately sink down to the center of the body.
The amount of (EP ) "atoms" produced inside matter object by the above mechanism is determined by the initial concentrations of OLe-helium (EHe) and anomalous helium atoms (P ee). This amount N defines the number density of (EP ) matter inside the object, being initially n ∼ N/R 3 s , where R s is the size of body. At the collision timescale t ∼ (nσ EP R s ) −1 , where the (EP ) "atom" collision cross section is given by Eq.(39), in the central part of body a dense and opaque (EP ) atomic core is formed. This core is surrounded by a cloud of free (EP ) "atoms", distributed as ∝ R −2 . Growth and evolution of this (EP ) atomic conglomeration may lead to the formation of a dense self-gravitating (EP ) matter object, which can survive after the star, inside which it was formed, exploded.
The relatively small mass fraction of AC-matter inside matter bodies corresponds to the mass of the (EP ) atomic core ≪ 10 −4 S 2 M ⊙ and this mass of AC-matter can be hardly put within its gravitational radius in the result of the (EP ) atomic core evolution. Therefore it is highly improbable that such an evolution could lead to the formation of black holes inside matter bodies.
Discussion
The AC-model a offers new possible approach to the nature of cosmological dark matter. Bound atom-like states (E −− P ++ ) can play the role of evanescent Cold Dark Matter in the modern Universe. The model escapes most of the drastic problem of the Sinister Universe [12] , related with the primordial 4 He cage for −1 charge particles and a consequent overproduction of anomalous hydrogen [13] . On the other hand, in the asymmetric AC-cosmology with AC-particle excess, AC-matter transformations are not accompanied by dangerous annihilation effects, as it would be the case for the full matter symmetric, but "explosive", AC-cosmology.
These new heavy stable leptons E and P can be a challenge for the data analysis of Run II Tevatron, for future accelerator search in the LHC and for future cosmic ray search, in particular, in AMS02.
The open problems of the model are:
1. The reason for stability of AC leptons. An answer may involve the existence of a new strict U(1) gauge symmetry, which can naturally appear in the AC-model. Similar to the case of 4th generation hadrons [11] and fractons [29] , a Coulomb like attraction, mediated by a U(1) gauge boson, can enhance (EP ) binding effects in dense matter and facilitate the solution of another problem -2. The suppression of anomalous "atomic" helium. The reduction may be also related to the heliosphere screening. fraction of baryons is involved) and in terrestrial matter.
4. The recombination into (EP) atoms and the consequent release of gamma energy at tens MeV, at the edge of detection in SK underground detector, (at rate comparable to cosmic neutrino Supernovae noise or Solar Flare thresholds [4] ). Their signal might be easily disentangled (above a few MeVs ) respect common charged current neutrino interactions and single electron tracks because the tens MeV gamma lead, by pair productions, to twin electron tracks, nearly aligned along their Cerenkov rings. The signal is piling the energy in windows where few atmospheric neutrino and cosmic SuperNovae radiate. The same gamma flux produced is comparable to expected secondaries of tau decay secondaries while showering in air at the horizons edges( [4] , [5] , [6] ).
Even if the above problems turn out to be unresolvable, our results open a new road-map to fit cosmological dark matter by stable heavy lepton "atoms" around us.
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Appendix 1. Charge asymmetry in the freezing out of particles and antiparticles
The frozen number density of cosmic relics, which were in equilibrium with the primordial plasma, is conventionally deduced ¶ from the equation [33] 
This equation is written for the case of a charge symmetry of the particles in question, i.e. for the case when number densities of particles (X) and antiparticles (X) are equal n X = nX = n. The value n eq corresponds to their equilibrium number density and is given by the Boltzmann distribution
Here g S and m are the number of spin states and the mass of the given particle. In course of the cooling down, n eq decreases exponentially and becomes, below the freezing out temperature T f , much less then the real density n, so the term σ ann v n 2 eq , describing the creation of XX from the plasma, can be neglected [34] . It allows to obtain an approximate solution of Eq.(53).
In case of a charge asymmetry one needs to split Eq.(53) in two: for n X and nX, which are not equal now.
n X + 3Hn X = σ ann v (n eq X n eqX − n X nX), nX + 3HnX = σ ann v (n eq X n eqX − n X nX).
The values n eq X and n eqX are given by Eq.(54) with inclusion of the chemical potential, which for X and forX are related as µ X = −µX = µ (see, e.g., [35] ). So
where upper and lower signs are for X andX respectively. So
A degree of asymmetry will be described in the conventional manner (as for baryons) by the ratio of the difference between n X and nX to the number density of relic photons at the modern period
(58) ¶ We follow here the results of [13] With the use of Eqs.(59) and Eq.(64) one finds that on the RD stage f 1 is equal to
and independent of x. To solve Eqs.(66) analogously to Eq.(53), namely neglecting f 2 (x) in them, starting with some x = x f , it would not be more difficult to define the moment x = x f . Nonetheless, if one supposes that such a moment is defined then, say, r i will be
.
All r i (at any moment) are related with the help of Eqs.(63). Taking into account Eq.(56) or Eq.(57) for r i f one obtains
For σ ann v independent of x on the RD stage, when f 1 is also independent of x, with account for the definition of x f from the condition R(T f ) = H(T f ) for the reaction rate
one obtains
If (a) σ ann v = α 2 /m 2 or (b) σ ann v = Cα/ √ T m 3 and one assumes f 1 = const then
In the case of freezing out of AC-leptons one has
whereᾱ = Z 2 α and Z = Z E = Z P = 2 is the charge of AC-leptons. Putting in Eq.(67) g S = 2, g s ∼ 100, one obtains the solution of the transcendent equation (71)
Taking g s ≈ g ǫ ∼ 100 one finds from Eq.(73) J U = 6.5·10 13 /S 2 (1−ln (S 6 )/30) −1 and from Eq.(71) 4f 2 (x f ) = 2/J AC = 3·10 −13 S 2 ·(1−ln (S 2 )/30). For κ = r E = r P = 2·10 −12 /S 2 one has κJ AC = 13/S 2 2 . At S 2 < 2.7 4f 2 (x f ) < κ 2 and r ± f is given by Eq.(69). Since 4f 2 (x f ) ≫ κ 2 for S 2 ≫ 1 one obtains from Eq.(69)
The frozen out abundances of AC-leptons and their antiparticles is given by
For growing S 2 ≫ 1 the solution Eq.(75) approaches the values
At S 2 < 3.6 the factor in the exponent κJ AC exceeds 1, and some suppression of the (AC)-abundance takes place. For S 2 , close to 1, one has
At S 2 = 1 the factor in the exponent reaches the value κJ AC = 13 and the solution Eq.(75) gives r AC ≈ κ = 2 · 10 −12 , r −f ≈ 10 −14 from Eq.(69) and
The minimal realization of cosmological scenario, based on the AC-model [15] does not go beyond its Lagrangian, which does not contain mechanisms for the generation of an AC-particle asymmetry. Therefore, the minimal AC-cosmological scenario involves an AC-particle symmetric cosmology, in which abundance of particles and antiparticles is equal. In such a scenario modern dark matter is a mixture of equal amounts of (EP ) "atoms" and (ĒP ) "anti-atoms", as well as the "products of incomplete cosmological combustion" OLe-helium (EHe), P-OLe-helium (P He) and anomalous helium ((Ēee) and (P ee)) should be present in the Universe. This case is described by the results of the present paper in the limit κ E = κ P = 0. For generality we consider m P = m E and take for definiteness m P > m E . The thermal history of symmetric AC-matter looks as follows in chronological order for m P = 100S 2P GeV > m E = 100S 2E GeV 1) 10
GeV AClepton pair PP annihilation and freezing out (Subsection 3.2 and Appendix 1). The abundance of frozen out PP pairs is given by r P = rP = 1.5·10
Pairs EĒ annihilate and freeze out (Subsection 3.2 with Appendix 1) with abundance r E = rĒ = 1.5 · 10
2P s at T ∼ I P = 20S 2P MeV. The temperature corresponds to the binding energy I P = Z 4 P α 2 m P /4 ≈ 20S 2P MeV (Z P = 2) of twin P-positronium "atoms" (P ++P −− ) , in whichP −− annihilate with (P ++ . After this annihilation the PP pairs abundance is given by (subsection 3.3) r P = rP ≈ 1.25 · 10 −15 S 2P . These pairs are eliminated in the course of a successive evolution of AC-matter owing to OLe-helium catalysis.
4) 6 · 10
2 s at I EP ≥ T ≥ I EP /30 ≈ 40S 2 MeV, where S 2 = S 2E S 2P /(S 2E +S 2P ). In this period recombination of negatively charged AC-leptons E −− andP −− with positively charged P ++ andĒ ++ can lead to a formation of AClepton "atoms" (EP ) and anti-atoms (ĒP ) with potential energy
, m is the reduced mass) (subsection 3.4). Together with neutral (EP ) "atoms" and (ĒP ) "anti-atoms" a significant fraction of free charged E −− ,P −− , P ++Ē++ is also left even for S 2E < 6. At S 2E > 6 binding in (EP ) and (ĒP ) states is not effective.
The temperature corresponds to the binding energy
of twin E-positronium "atoms" (E −−Ē++ ), in whichĒ ++ annihilate with E −− . This annihilation results in the frozen out EĒ pairs abundance r E = rĒ ≈ 1.25 · 10 −15 S 2E (subsection 3.3). For S 2E ≪ S 2P the abundance of these pairs is much less than the abundance of (P ++P −− ) pairs. Under this condition in the course of a successive evolution of AC-matter these frozen out E −− andĒ ++ ) become dominantly bound in primordial (EP ) and (ĒP ) "atoms". 6) 100 s ≤ t ≤ 300 s at 100 keV ≥ T ≥ I EHe /27 ≈ 60 keV, where IP He = I EHe = Z with its constituent E −− into (EP ) "atoms" and annihilation of freeĒ ++ ) with E −− , while P-OLe-helium ( 4 He ++P −− ) catalyzes (ĒP ) binding and (P ++P −− ) annihilation. For S 2E ≪ S 2P virtually all E −− andĒ ++ form (EP ) and (ĒP ), while the dominant part of (P ++P −− ) pairs annihilate. Effects of this (P ++P −− ) annihilation, catalyzed by P-OLe-helium at T ∼ 60 keV, do not cause any contradictions with observations. In the result the abundance of (EP ) and (ĒP ) is given by r (EP ) = r (ĒP ) ≈ 1.25 · 10 −15 S 2E . The density of these AC-atoms should not exceed the CDM density, corresponding at S 2E ≪ S 2P to r (EP ) = r (ĒP ) ≈ 2 · 10 −12 /S 2P . It leads to the condition S 2E S 2P ≤ 1600.
For S 2E ≪ S 2P the remaining abundance of freeĒ ++ and OLe-helium (EHe) is exponentially small, but the surviving abundance of P ++ and P-OLe-helium ( 4 He ++P −− ) is significant, being of the order of r P = rP He ≈ 1 J EHe ≈ 7 · 10 −18 , or relative to baryons f P = r P /r b = fP He = rP He /r b ≈ 10 −6 . Here the main problem for symmetric AC-cosmology arises. By construction AC-matter in this cosmological scenario contains an equal amount of particles and antiparticles. This explosive material should be present on the successive stages of cosmological evolution: 7) t ∼ 2.5 · 10 11 s at T ∼ I He /30 ≈ 2eV. Here I He = Z 2 α 2 m e /2 = 54.4 eV is the potential energy of an ordinary He atom. Formation of anomalous helium atoms (Appendix 6 and section 5). Free P ++ with charge Z = +2 recombine with e − and form anomalous helium atoms (eeP ++ ). 8) t ∼ 10 12 s at T ∼ T RM ≈ 1 eV. AC-matter dominance starts with (EP ) and (ĒP ) "atoms", playing the role of CDM in the formation of Large Scale structures.
9) z ∼ 20. Formation of galaxies starts, triggering effects of AC-matter annihilation. Such effects even from a sparse component of (eeP ++ ) anomalous helium and POLe-helium ( 4 He ++P −− ) are dramatic for the considered model. As it was revealed for hadrons of the 4th generation in [11] , a decrease of anomalous helium is accompanied by γ radiation, which at f P = r P /r b = fP He = rP He /r b > 10 −9 exceeds the observed γ ray background flux. The set of problems [11] , related with neutrino and gamma radiation from (P ++P −− ) P-OLe-helium catalyzed annihilation in terrestrial matter and with effects of such annihilation in large volume detectors, add troubles to the considered model.
Moreover, the dominant form of dark matter is also explosive in the symmetric AC-cosmology and (EP ) and (ĒP ) annihilation in the Galaxy should create a gamma flux, which exceeds the observed gamma background at S 2E S 2P ≤ 3600.
The above list of troubles seems to be unavoidable for symmetric AC-cosmology, in which the explosive character of AC-matter is hardly compatible with its presence in the modern Universe. This is the reason, why we consider in the main part of our paper an asymmetric AC-cosmology with AC-particle excess.
AC-scenario, if E and P have opposite y-charges.
The presence of a new relativistic species -gas of primordial y-photons -does not influence light element abundances, since the y-photons decouple at T < T f (Z 2 α/α y ) from the cosmological plasma after the AC-lepton pairs are frozen out at T f = m/30 ≈ 3S 2 GeV. Here α y is the fine structure constant of the y-interaction and Z = 2. Therefore the contribution of y-photons into the total number of relativistic species in the period of SBBN is suppressed.
Effects of y-interaction cause slight changes in the numerical results of the main text, since now α y should be added in the definition ofᾱ.
The crucial role of the y-attraction comes in the period of galaxy formation, when, similar to the case of 4th generation hadrons considered in [11] , the condition of ycharge neutrality makes Ole-helium to follow anomalous helium atoms (P ++ e − e − ) in their condensation in ordinary matter objects. Due to this condition, OLe-helium and anomalous helium can not separate in the terrestrial matter and (EP ) recombination goes on much more effectively, since its rate is given now by [11] σv ≈ 2 · 10 
This increase of the recombination rate reduces the primeval anomalous helium (and OLe-helium) terrestrial content down to r ≤ 5 · 10 −30 , while the kinetic equilibrium between the interstellar AC-gas pollution and EP recombination inside the Earth holds [11] their concentration in terrestrial matter at the level n = j σv ,
within the water-circulating surface layer of thickness L ≈ 4 · 10 5 cm. Here I P ≈ 2 · 10 −4 S h ( cm 2 · s · ster) −1 is given by Eq.(48), the factor S h of the incoming flux suppression in the heliopause can be as small as S h ≈ 5 · 10 , being below the above mentioned experimental upper limits for anomalous helium (r < 10 −19 ) at all S 2 < 10 5 . The reduction of anomalous helium abundance due to (EP ) recombination in dense matter objects is not accompanied by an annihilation, which was the case for U-hadrons in [11] , therefore the AC-model escapes severe constraints [11] on the products of such annihilation, which follow from the observed gamma background and the data on neutrino and upward muon fluxes.
To conclude, in the presence of a y-interaction AC-cosmology can naturally resolve the problem of anomalous helium, avoiding all the observational constraints on the effects, accompanying reduction of its concentration. To minimize the number of new physical parameters we did not put the discussion of this case into the main text of the present paper. However, if the fractionating of OLe-helium and anomalous helium in dense matter objects prevents a solution of the problem of anomalous isotopes overabundance, the AC-model with y-interaction would become the minimal realistic model of composite dark matter.
